Introduction
During normal vaginal delivery a marked increase in maternal stress hormones is known to occur [8] . Several studies have shown that the maternal stress response during labor could be modified by an epidural block [2, 3, 22] . The influence of epidural analgesia on the fetal endocrine stress response during labor and vaginal delivery is still under debate. In recent studies of cesarean sections performed under epidural anesthesia it has been shown that comparatively high levels of fetal stress hormones occurred suggesting an unaffected capacity of the fetus to respond to stress [6, 14] .
The purpose of the present investigation was to further elucidate the effect of an epidural block on maternal and fetal stress hormones in normal parturients at vaginal delivery.
Patients and methods
Nineteen healthy patients were studied. All had a spontaneous onset of labor and had reached full term. Ten patients received either on request, or on the recommendation of the obstetrician present, an epidural block (group E A). Nine patients (group ΝΕΑ) used nitrous oxide on demand for pain relief. 
Curriculum vitae

Obstetrics
On admittance to the delivery ward all patients were in the first stage of labor with a cervical dilatation of less than 4 cm. Seven patients in group EA and 3 in group ΝΕΑ were primiparae (see : table I) . During labor routine electronic fetal monitoring (Hewlett Packard 8030 A) was performed via a scalp electrode. Intrapartum surveillance and criteria for assessment of fetal heart rate (FHR) tracings have been described previously [24] .
Anesthesia
In the women who received an epidural block the epidural space was entered between the first and second lumbar vertebrae. An epidural catheter was inserted and a bolus of 6 -8ml of 0.25% bupivacaine was injected. Then the epidural analgesia was maintained by intermittent doses (5 to 6 ml) of bupivacaine during the first stage of labor. During the second stage of labor a pudendal block of, in total, 20 ml 0.25% bupivacaine was given in all cases. No top-up of the epidural analgesia was given during the last 30 minutes before delivery in any case. In the ΝΕΑ group pain relief during the first stage of labor was achieved by NiO in Ch (FiOi set at 0.5). No narcotics were given in this group. During the second stage of labor all women in this group also received a pudendal block of 20 ml 0.25% bupivacaine.
Biochemistry
Blood samples for the analysis of ACTH and corticosteroids were collected in test-tubes containing EDTA (10.5 mg/7 ml blood) and aprotinin* (3000 KIE/7 ml blood) which had been prechilled in ice water. The samples were kept at 0 °C until centrifugation in a refrigerated centrifuge. The resulting plasma was then stored at -20°C. ACTH levels were determined by radioimmunoassay (ACTHK, Sorin Biomedica, Italy) using rabbit antiserum raised against porcine ACTH coupled to bovine serum albumin. Human ACTH was used as a standard and 125 I-ACTH as a tracer. The coefficient of variation in duplicate determinations was 17% for values < 50 ng I" 1 and 10% for values > 50 ng l" 1 . Cortisol levels were determined using a solid phase radioimmunoassay (Gammacoat, Clinical Assays, Mass., USA) with rabbit anticortisol serum attached to the test-tubes and binding protein and 125 I-cortisol as tracer. The coefficient of variation was < 7%. The crossreactivity was 88% for prednisolone and was insignificant for other steroids tested. A ra-* Trasylol®, Bayer, West Germany ** OHPK, Sorin Biomedica, Italy dioimmunochemical method was used for the assay of 17-a-hydroxyprogesterone* *. The method was based on rabbit antibodies against the 3-conjugate to bovine serum albumin. The tracer was tritiated and dextran-coated charcoal was used for separation.
Samples used for the determination of the total catecholamine concentration were drawn in test-tubes with 20 μΐ anticoagulant and antioxidant (EGTA 90 mg/ml, glutathione 60 mg/ml and pH 6.0 -7.4) per ml blood. A modification of the radioenzymatic method of PASSON and PEULER [20] based on rat liver catechol-O-methyltransferase and S-adenosyl-L-methionine-( 3 H-methyl) was used. After periodate oxidation the resulting 3 H-vanillin was extracted and measured by liquid scintillation. The "betweenruns" coefficient of variation for the assay was 4.1 -6.5% depending on concentration. Normal values for adults are 0.8-2.4 nmol I"" 1 .
Measurements
Blood samples were withdrawn from peripheral veins. Maternal blood samples were taken at delivery and 30 minutes after delivery for determination of the plasma concentration of ACTH, cortisol, 17-a-hydroxyprogesterone (17 OHP), blood glucose (BG) and catecholamines (CA). Immediately following delivery double clamping of the umbilical cord was performedâ nd a blood sample for the same analysis was taken from the umbilical vein.
Statistics
For the evaluation of the results unpaired Student's t-test was performed. P-values above 0.05 were not regarded as statistically significant.
Results
Obstetric and neonatal data for the two groups are presented in table I. There were more primiparae in the EA group than in the ΝΕΑ group, and the duration of labor was longer in the EA group. Deviating fetal heart rate patterns occurred more often in the EA group, but in none of the patients were signs of intrapartum asphyxia found. The two groups were comparable with respect to birth weight and gestational age. Apgar scores were 8 or more at one minute in all cases, and at five minutes all had an Apgar score of 10.
Maternal plasma concentrations
The mean values ( + SEM) of blood analysis in the EA and ΝΕΑ group are presented in table II. In the EA as well as in the ΝΕΑ group mean values (± SEM) of ACTH, 17 OHP and CA at delivery were higher than 30 minutes after delivery. Plasma concentrations of cortisol and blood glucose were virtually unchanged.
Mean values (± SEM) for maternal plasma concentrations of ACTH and cortisol were increased at delivery in the ΝΕΑ group compared with the EA group (p < 0.05 and ρ < 0.05, respectively, figure 1 ). There were no statistically significant differences between plasma concentrations in the EA and ΝΕΑ group for 17 OHP, blood glucose and CA.
Umbilical plasma concentrations
There were no significant differences in plasma concentrations (mean ± SEM) of ACTH, cortisol, 17 OHP, blood glucose and CA between the two groups studied. Mean values were, however, slightly lower for ACTH and CA in the ΝΕΑ group.
Catecholamine levels, showed a slight positive correlation to the duration of the second stage of labor (r = 0.51, ρ < 0.02) but not to different FHR patterns. No such positive correlation could be demonstrated for cortisol.
Maternal and umbilical plasma concentrations
In both the EA and in the ΝΕΑ group plasma concentrations (mean + SEM) of ACTH and cortisol were significantly lower in umbilical vein blood than in maternal blood at delivery (p < 0.02, ρ < 0.001, respectively, in the EA and ρ < 0.01, ρ < 0.001, respectively, in the ΝΕΑ group, figure 1 ). For all patients the umbilical vein cortisol concentration showed a close linear relation to the maternal cortisol concentration (r = 0.82, ρ < 0.001).
In umbilical vein blood the concentration of 17 OHP was 4 times higher in the EA group and 3 times higher in the ΝΕΑ group compared with maternal blood (p < 0.05 and ρ < 0.05, respectively). Mean values (+ SEM) of plasma concentration of CA were more than 10 times higher in umbilical vein blood than in maternal blood in the EA group (p < 0.001) and about 8 times higher in the ΝΕΑ group (p < 0.001, figure 1 ). No correlation between maternal and fetal CA concentrations could be demonstrated.
Discussion
The present study was designed to evaluate the influence of epidural anesthesia on maternal and fetal endocrine stress in normal parturients.
In agreement with previous work it was found that an epidural block prevented the maternal cortisol surge which normally occurs in labor [2] . It was also shown in the present study that the pain relief obtained by epidural block led to a significantly lower ACTH concentration suggesting that the mechanism by which cortisol decreases is related to the hypothalamopituitary axis. Catecholamines were slightly lower in the EA group despite the fact that primipara and prolonged duration of labor, two factors known to be associated with high levels of CA [12] , occurred more often in this group of patients. SHNIDER et al. [22] have recently shown that the maternal CA levels and predominantly epinephrine are reduced after epidural anesthesia. Elevation of epinephrine in maternal blood during labor is associated with pain and anxiety [12] suggesting that the alleviation of maternal pain is the mechanism by which epidural block decreases the maternal CA levels during labor.
The linear relation between maternal and umbilical vein cortisol concentrations regardless of whether an epidural block« had been used or not, observed in the present study supports the hypothesis that the cortisol increase in fetal plasma during labor is of maternal origin [17, 21] . The 5 fold higher plasma cortisol level in maternal blood allows the suggestion of a diffusion passage over the placenta from mother to fetus. The lower plasma cortisol at delivery in group EA compared with in group ΝΕΑ might have been the reason for the observed tendency towards a lower ACTH level in umbilical vein blood in group EA than in group ΝΕΑ (table II) . However, in the case of fetal asphyxia several authors have reported high venous cord blood cortisol concentrations indicating a fetal endogenic secretion [7, 8, 15] . Further work is required to determine the origin of the fetal cortisol surge at asphyxia, but an epidural block seems to be an adequate way of reducing the maternal influence on the fetal is little if any transplancental passage [19] . The cortisol levels. roughly tenfold higher concentration is in accordance with previous studies [10, 13] . In Epidural anesthesia in normal parturients does agreement with two recently published reports not seem to influence the fetal endocrine stress [ 1? 4] we found that epidural anesthesia did not variables evaluated in the present study. The influence the fetal CA levels in umbilical cord observed differences in maternal blood cortisol ve i n blood, concentrations between the two groups were not observed for the fetuses despite a linear
In conclusion, it was demonstrated that epiduindividual relationship. This discrepancy was ral anesthesia reduces the maternal stress hormost probably due to the lower fetal cortisol mones at delivery. An epidural block seems to concentrations. Moreover, 17 OHP which is have little or no effect on the fetal endocrine almost entirely produced by the placenta [16, stress hormones as reflected by plasma concen-23] was not influenced by the pain relief. trations in venous umbilical cord blood. The biological significance of these findings is open The fetal sympathoadrenal system plays an imto discussion. Failure to raise the maternal portant role in the physiological events that stress hormones in labor seems to have no adapt the fetus to stress. High levels of venous detrimental effect on mother or fetus. Conas well as arterial umbilical cord blood CA versely, epidural block is supposed to be benefihave been observed after vaginal delivery, and cial to the fetus since low maternal levels of CA especially in association with fetal acidosis [11, are associated with increased uterine blood flow 18]. [5, 9] . In addition, the preserved ability of the fetus to respond to stress during labor after Catecholamine concentrations in venous cord epidural block ought to be a prerequisite for a blood originate mainly from fetus since there normal adaptation after birth.
Summary
Maternal and fetal stress response at vaginal delivery (group NBA) who used only nitrous oxide for pain were studied in 19 normal parturients at term. Ten relief. Plasma concentrations of ACTH, cortisol, 17-apatients to whom an epidural block (group EA) had hydroxyprogesterone, blood glucose and catecholamines been administrated were compared with 9 patients were measured in maternal and umbilical vein blood at delivery and in maternal vein blood 30 minutes after delivery. At delivery maternal plasma concentrations of ACTH, cortisol and catecholamines were lower in the EA group compared with in the group. There were no differences in umbilical plasma concentrations of the studied stress variables between the two groups. A linear relation was demonstrated between maternal and umbilical vein cortisol concentration.
In both the EA and group a significant fall in ACTH, 17-a-hydroxyprogesterone and catecholamine concentrations were demonstrated 30 minutes after delivery, whereas cortisol and blood glucose were virtually unchanged. It was found that epidural anesthesia reduced the maternal stress hormones at delivery but seemed to have little or no effect on the fetal endocrine stress hormones.
Keywords: Epidural block, fetal endocrine stress, maternal endocrine stress, vaginal delivery. . II n'y avait pas de difference dans les concentrations plasmatiques ombilicales des variables etudiees du stress entre les deux groupes. On a demontre une relation lineaire entre la concentration de cortisol chez la mere et dans la veine ombilicale. Une chute significative de PACTH, de la 17-alphahydroxyprogesterone et des catecholamines a ete demontree 30 minutes apres Paccouchement ä la fois dans le groupe EA et dans le groupe , tandis que le cortisol et la glycemie sont demeures pratiquement inchanges. On a trouve que Panalgesie peridurale reduit le stress maternel hormonal a Paccouchement mais qu'elle semble n'avoir qu'un effet minime ou nul sur les hormones du stress endocrinien du foetus.
Zusammenfassung
Mots-cles: Accouchement par voie basse, analgesie peridurale, stress fatal endocrinien, stress maternel endocrinien.
